We report out initial experience with intraoperative transoesophageal echocardiography (TOE) in 200 patients undergoing repair of congenital heart disease. Complications associated with probe insertion precluded a full study in 11 patients (5.5%) and included airway obstruction (n=6), inability to pass the probe (n=4) and vascular compression (n=1). The preoperative diagnosis was confirmed by TOE in 176 of 189 cases (93%) with minor variances in 12 (6.3%) and one major variance (additional large muscular ventricular septal defect (VSD)). Unexpected abnormalities not diagnosed preoperatively were found at surgery in four cases (2%) and were all of trivial operative significance. Postoperative studies showed no residual defect in 96 (51%) and trivial or mild residual defects in 72 patients (38%). There were moderate or severe residual defects in 21 cases (11%). Ten cases (5.3%) returned to bypass for further surgery, with eight achieving complete or adequate amelioration. In six of the 10 cases, return to bypass was prompted by the TOE examination alone. There was one re-operation in the postoperative period for a VSD patch dehiscence. Routine TOE offers significant advantages in the management of patients undergoing repair of congenital heart disease, particularly in postoperative assessment. Careful monitoring of perfusion and ventilation is required, particularly during probe insertion in children weighing 5 kg or less.
Intraoperative transoesophageal echocardiography (TOE) has been used increasingly in both adult and paediatric populations. Without interfering with the surgical field, it is possible to define anatomical abnormalities, assess valve repairs, evaluate myocardial function and appraise intracardiac repairs prior to leaving the operating room. For these reasons, some units are performing routine TOE on most patients undergoing surgery for repair of congenital heart disease [1] [2] [3] .
We report our experience of the routine TOE assessment of 200 patients undergoing cardiopulmonary bypass for surgical repair of congenital heart defects, including complications and its impact on perioperative management.
METHODS
From August 1997, TOE examinations have been performed at Royal Alexandra Hospital for Children (New Children's Hospital) as part of our cardiac surgical management. The studies were performed consecutively, except when (rarely) neither author was available. Patient demographics, including age, sex, weight and preoperative diagnosis were prospectively recorded. All recognized complications were documented.
Following induction of anaesthesia, endotracheal intubation and insertion of arterial and central venous pressure lines, a paediatric biplane probe or an adult Omniplane probe (if the patient was 20 kg or more) was inserted. An Acuson 128XP/10c sonograph was used to perform the echocardiogram and the images were stored on Super VHS videotape. Probe insertion and echocardiographic studies were performed either by a paediatric cardiologist (MLKS), or a paediatric cardiac anaesthetist (DBB) experienced in intraoperative echocardiography, with the availability of paediatric cardiological consultation as required.
Preoperative studies were performed for com-parison with postoperative findings and confirmation of the anatomy. All patients had been fully assessed prior to surgery, so that in no case did the surgical plan await findings on the intraoperative prebypass TOE study. TOE findings were compared with previous transthoracic echocardiography (TTE) or cardiac catheter reports, or both. Any observations which differed from those previously recorded were noted, as were the surgical findings. Variances from the preoperative data were defined as minor or major. A minor variance was defined as one in which the variance would have been readily detected at surgery and did not alter surgical management, and a major variance was one which would have affected, or did affect the planned surgery. Following surgical repair, and after separation from bypass (with bypass cannulae still in situ), a postoperative study was performed and graded as: (1) no significant residual abnormality, (2) trivial or mild residual abnormality-no haemodynamic importance, or (3) moderate/ severe residual abnormality-haemodynamically significant. If further surgery was required, the impact of TOE as the diagnostic tool was assessed and recorded.
RESULTS
Two hundred children (104 male and 96 female) were studied. Their ages ranged from two days to 16 years (mean 33.5±43 months, median 17 months), and their weights ranged from 2.5 kg to 66.5 kg (mean 12.5±10.9, median 9 kg). Twenty-four per cent of children in this study weighed 5 kg or less. A summary of operative procedures is included in Table 1 .
There were no adverse sequelae of TOE which contributed to morbidity or mortality in any case. Complications associated with probe insertion precluded a full study in 11 patients (5.5%). These included airway or vascular compression or inability to pass the probe ( Table 2 ). In all cases, removal of the probe led to resolution of the problem, with no adverse sequelae. Eight of the 11 children in whom complications associated with probe insertion occurred weighed 5 kg or less. Of the three larger children (weight range 7.8 to 9.1 kg), one had Down syndrome, another had a complex form of atrioventricular septal defect and the third had tetralogy of Fallot. In this latter case, insertion of the TOE probe resulted in complete loss of ventilation in the left lung. Similar complications occurred in a further 10 patients (5%) however these were transient or able to be dealt with by probe manipulation ( Table 2 ) and did not require abandonment of the study or result in any adverse sequelae.
One accidental extubation occurred in the anaesthetic induction bay on probe insertion. The extubation was immediately detected and managed without adverse effect.
The preoperative diagnosis was confirmed in 176/189 cases (93%), with minor variances in 12 cases (6.3%) ( Table 3 ). The only major variance was an additional large muscular ventricular septal defect (VSD) associated with a complex double outlet right ventricle. This changed the planned surgery from a biventricular repair to a cavopulmonary shunt. There were four (2%) abnormalities (Table 4) found at surgery which had not been identified on preoperative TTE or TOE. Postoperative studies revealed no residual defect in 96 (51%), trivial or mild residual defects in 72 (38%) patients and moderate or severe residual defects in 21 patients (11%) ( Table 5 ). Ten (4.5%) patients had immediate revisional surgery ( Table 6 ). In six of these, TOE was considered the primary diagnostic tool, with oxygen saturation measurements and pressure recordings confirming the TOE assessment.
Four of the returns to bypass for surgery were prompted by haemodynamic instability, with TOE contributing to the diagnosis of the cause. Of these 10 patients, eight achieved complete or adequate amelioration. The other two had marked left ventricular dysfunction following surgery for transposition of the great arteries and left ventricular outflow tract obstruction respectively. The need for return to bypass was not confined to the more complicated cases, as demonstrated in Table 1 . Four of the 10 patients weighed 5 kg or less.
One patient underwent re-operation seven days postoperatively for dehiscence of a VSD patch, which had been shown to be intact on TOE at the first operation (and subsequently on TTE). 593 
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DISCUSSION
Intraoperative TOE has been used increasingly in the adult surgical population, and more recently, its routine use has been recommended for patients undergoing surgical repair of congenital heart disease [1] [2] [3] . With the introduction of small, biplane probes, even neonates can be studied, albeit with an increased risk of complications. Our experience has shown no complications resulting in any morbidity or mortality in 200 patients and suggests that TOE may be performed safely in this population provided those who perform the study have an understanding of the risks and the appropriate expertise.
In particular, careful attention to ventilation and haemodynamics is required during probe insertion and while the probe is in situ. Both airway obstruction and aortic compression are well recognized complications of TOE examinations in children [5] [6] [7] . With adequate monitoring, these occurrences can usually be detected at the time of insertion of the TOE probe, and prompt removal of the probe prevents deterioration in the patient's condition, as was the case in our series. Our one accidental extubation also occurred in the induction bay and was readily detected and corrected. Despite this, accidental extubation may potentially occur at any time during the operative procedure so that vigilance is required throughout.
The somewhat higher incidence of complications precluding TOE examination in our patients compared with previous reports [2] [3] [4] is probably related to the fact that our patients appear to have been generally younger and smaller. These papers did not consistently report an inability to insert the probe as a complication. Inability to ventilate the left lung of a child with tetralogy of Fallot during TOE has been reported 8 , suggesting a possible predisposition to left main bronchus obstruction in that particular disease entity.
We believe that the low incidence of "new" information provided by the preoperative TOE (as a change in surgical plan was required on only one occasion), reflects the policy of ensuring high quality preoperative assessment. In our experience the principal benefits of the preoperative study have been to allow the surgeons to review the anatomy and function immediately preoperatively and to provide a comparison for the postoperative TOE. While it is difficult to quantify these benefits, we believe them to be considerable and the major reason for continuing to perform preoperative studies.
The unexpected abnormalities found at surgery did not influence surgical outcome, but do emphasize the difficulties in providing complete diagnoses based on TOE images in children with congenital heart disease. We would emphasise the importance of appropriate training of those performing TOE in these patients.
Although 21 cases had moderate to severe residual defects, only 10 returned to bypass for further surgery-an incidence of approximately half that of other studies 1, 3 . In 11 cases, the surgeons felt that the residual defects were of a nature that was transient (dynamic obstruction of the right ventricular outflow tract), or were not amenable to further surgery (left ventricular dysfunction, peripheral branch pulmonary artery stenoses) or were better managed conservatively (truncal or mitral valve regurgitation in neonatal patients). The good outcome of the cases that did undergo further surgery serves to emphasize the importance of the TOE examination, with six of the 10 prompted by the TOE examination alone. Significantly, there were no false positive residual defects diagnosed, although all TOE examinations were considered in the context of other available data, including pressure recordings and saturation measurements.
The question of whether "routine" TOE is warranted or whether some lesions may be excluded will require greater experience. On the basis of the low incidence of postoperative residual problems, some authors have suggested excluding some conditions such as atrial septal defect (ASD). Our data do not support this at present, as we have found unexpected abnormalities requiring return to surgery across a broad range of lesions, including relatively simple cases. Four of the ten children requiring return to bypass were 5 kg or less (8% of the neonatal population undergoing surgery), suggesting the continued use of this monitoring technique in the neonatal population is reasonable. The increased incidence of difficulties with probe insertion in this population may decrease with improving probe technology and decreased probe size.
In summary, we feel TOE offers significant advantages in the management of patients undergoing surgical repair of congenital heart defects, particularly in postoperative assessment of the repair. It can be performed with a low risk of morbidity or mortality, although careful monitoring of ventilation and haemodynamic variables is required, especially in children 5 kg or less.
Richard Chard for their enthusiasm in helping us develop this service.
